JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. ABsTRAcT.-We examined the potential action of selection on body size in a population of Lesser Snow Geese (Chen caerulescens caerulescens) breeding in the Canadian subarctic. We evaluated the genetic basis of phenotypic variation in body size and examined the association of body size and components of fitness related to fecundity and viability. There was a heritable component to body size in this population derived in part from the action of additive genes. There was no relation between adult body size and the number of eggs laid, the number of eggs surviving predation, the number of goslings that left the nest, or the number of goslings fledged. Small birds entered the breeding population at a younger age. They did so with no reduction in viability and may actually live longer than large birds. The heritable variation in body size combined with the directional selection gradient should lead to a gradual reduction in adult body size in this population. We found no evidence for such a change over 5 generations. We discuss this in terms of additional fitness components, the retarding effects of age structure on the response to selection, and the interaction of selection and gene flow.
Approximately 4 weeks after the hatching period, we captured and banded up to 6,000 goslings and adults. This was just prior to fledging of the goslings and during the adult remigial molt. Because the majority of nonbreeding adults, prebreeders, and nestfailed birds are thought to leave the colony in late June and migrate north to molt (Abraham 1980b ), most birds captured each year are successful breeders and their goslings. All unbanded adults and female goslings received a wildlife service band and an alphanumeric color band allowing the birds to be identified individually. About one-fifth of all birds captured each year were previously captured and banded at La Perouse Bay. Every recaptured bird from 1978 to 1981 had bands, sex and plumage color recorded and was also weighed and measured.
We could not identify family groups in the large flocks captured at banding. We identified pairs from observations of individually marked birds either at the nest or on the post-hatch feeding areas. Offspring were measured when they returned to breed at La Perouse Bay.
Body size.-We measured 4 characters on each recaptured bird: (1) Mass-birds were weighed to the nearest 10 g on a spring scale (cap. 6,000 g) which was checked periodically against a known mass; (2) Culmen-we measured the culmen from the tip of the bill to the start of the feather tract on the forehead even if feathers were missing; (3) Head length (head)-we measured the distance from the tip of the bill to the top of the occipital process on the back of the head; and (4) Tarsus length (tarsus)-the leg was flexed at the bottom of the crus and at the top of the web. Tarsus is the total length from the bottom of the crus to the web. Culmen, head, and tarsus were measured to the nearest 0.1 mm with vernier calipers.
We used Principal Component Analysis to combine these measurements and extract a single derived variable, the first principal component (PC1). For highly correlated variables, PC1 usually explains most of the variance and is commonly used as an index of overall body size (Jolicoeur and Mosimann Rockwell et al. (1985) . We used 2 of the 4 they identified, "the age of first breeding" and "adult annual survival." The data were collected on adult breeding birds and could not be used to evaluate the influence of body size on viability prior to breeding age. A total of 96 female offspring, for which the size of at least 1 parent was known, were measured as adults between 1978 and 1981. We assumed that the sample was not biased by under-or overrepresentation of any type of parent-daughter pair, size-specific mortality within families, and size-specific loss of parents. Heritability was estimated from mother-daughter, father-daughter and mid-parent-daughter pairs with standard regression procedures (Bulmer 1980, Falconer 1981; Table 2 ). Single parent-offspring regression estimates were corrected for assortative mating using correlation coefficients (Table 1) . To our knowledge, this is the first example of a wild population where correction for nonrandom mating has been possible. The standard errors of the single parentoffspring heritabilities were twice the errors of their respective regression coefficients. There were no significant differences between the three heritabilities calculated for each of the 5 Fitness measures (fecundity). -Males and females were each divided into 3 size classes. Medium birds were within half a SD of the mean, large birds were above this, and small birds were below. With this procedure, the 3 classes had equal sample sizes. Data were limited to nests where the female was at least 4 years old to remove age effects on clutch size (Finney and Cooke 1978, Rockwell et al. 1983 ). Data were pooled over years due to small sample sizes. The relationships between size and the 4 fecundity components are depicted in Fig. 2 . We detected no significant differences among the size classes for any of the components.
RESULTS

Heritability
Cooke and Davies (1983) presented preliminary results suggesting that certain types of pairs (e.g. large male with large female) had higher fecundity. We repeated those analyses with a much larger sample (Fig. 3) but found no significant effect of pair type on the fecundity components. The difference between the 2 studies likely reflects the increased sample size now available.
Fitness components (viability). -Data are from
adult birds that returned to the La Perouse Bay colony to breed. These birds were captured and marked individually as goslings, and also were recaptured and measured as adults. Both steps have a low probability and the sample sizes were limited. Older age classes were pooled to maintain adequate sample size. The lack of male natal philopatry restricted the analyses to females.
The average size of females breeding at La Perouse Bay increased up to the age of 4, and then did not change (Fig. 4) . For birds measured more than once, we used only one randomly selected set of measurements in this analysis. There are 3 potential explanations for the shape of this curve: first, incomplete growth with breeding birds continuing to grow to the age of 4; second, size-specific, age-dependent mortality such that small females have a higher mortality than large females at the ages of 2 and 3; finally, differential age of first breeding with small birds starting to breed at an earlier age.
We investigated incomplete growth with a subsample of birds captured once as two-yearolds and again when older. If females continued to grow until age 4, their size would increase between captures. We evaluated this with a paired t-test but found no significant difference in size (t = 0.90, n = 45). Birds did not change in size after first breeding as two-year-olds.
To examine differential size dependent mortality, we sorted each female age class into our 3 size categories. Females were also classified as to whether they returned to La Perouse Bay the following breeding season. The complete set of measured females was used and some birds occur more than once in the analysis. The analysis assumes that the probability that a female is seen, given she returned and bred 1 yr later, is independent of body size, and that the frequency of return was related to differential mortality rather than factors such as breeding propensity.
The data (Table 3) were evaluated for the influence of size and age on female return with Multidimensional Contingency Analysis (MDCA). Return rate depended on unique combinations of age and size as indicated by the significant 3-factor term in the MDCA (Table  4) . We evaluated the nature of this interaction by examining the dependency of return rate on 
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Fig. 3. Distribution of the 4 fecundity components for different pair-size categories of Lesser Snow Geese. Sample sizes and 1 SE are indicated. size for each age group (Rockwell et al. 1987).
Size had no effect on the rate of female return for age classes 2-6. In the oldest age class, comprised of individuals 7 and older, there was a significant effect of size on return rate (log ratio .31, df = 2, P < 0.001). For these older females, this resulted from an excess of small females and a paucity of large females that returned to the colony to breed. Overall, this analysis indicated that the increase in average female size through age 4 was not the result of higher mortality of small birds. In fact, there was evidence that small birds live longer.
There was a significant influence of age on the distribution of small, medium, and large birds in each of the age classes (log ratio X2 = 86.42; df = 12; P < 0.0001). The first 2 age classes were composed predominantly of small and medium-sized birds (Fig. 5) . We have shown above that the increase in average size was not due to either growth or size dependent mortality. It is, therefore, most likely that the increase in average size (Fig. 4) resulted from small birds starting to breed at an earlier age than large birds.
DISCUSSION
A proportion of the phenotypic variation in body size of Lesser Snow Geese is due to genotypic differences among members of the population. Our estimates of the proportion are similar to those obtained for populations of oth- Perouse Bay. While fathers and daughters could share migration and wintering area, most growth is completed before migration south and the common fall and wintering environments probably have little effect on final body size. The lack of significant differences between the father-daughter and mother-daughter estimates suggests that common environment between mother and daughter at La Perouse Bay is not a major contributor to heritability of body size in this population. Genotype-environment interactions result when a specific environment has differing effects on a set of genotypes. Davies (1985) showed a significant contribution of cohort to body-size variation in Lesser Snow Geese (Fig. 6) . This effect was due mainly to a very large-bodied 1971 cohort. Finney and Cooke (1978) suggested 1971 was an exceptional year for goslings at La Perouse Bay. This and the reduced range of the body-size distribution for the 1971 cohort suggest the action of a threshold-like genotypeenvironment interaction. In parent-offspring regression methods, such interaction may bias the heritability estimate (Bulmer 1980). We believe that there is a heritable component to body-size variation in this population which is consistent for all 5 indicators of body size. While the absolute values may be contaminated by some estimation artifacts, the concordance across the 3 procedures, particularly given the different ways they should be affected by such artifacts, suggests that a substantial proportion of the estimated heritability reflects the transmission and segregation of genes with additive effects on body size. Body size has no direct effect on any fecundity components in Lesser Snow Geese at La Perouse Bay. This is contrary to the findings of Ankney and MacInnes (1978) who argued that One explanation for the conflicting results is a difference in age structure in the 2 studies. Ankney and MacInnes worked with an unbanded population of Snow Geese and the age structure of their sample was unknown. Our evidence suggests that small birds breed at an earlier age than large birds. If this were true for the birds collected by Ankney and MacInnes, the small birds in their sample might also have been, on average, young birds. Since young birds lay smaller clutches (Finney and Cooke 1978, Rockwell et al. 1983 ), the correlation between clutch size and body size found by Ankney and MacInnes could be a result of the younger average age of small birds in their sample.
To examine this, we reevaluated our data. Rather than limiting the fecundity analyses to females aged 4 and older (see above), we included all females, regardless of age. We found significant, but weak, positive correlations between body size (measured as PC1) and all fecundity components (TCL r = 0.21, CSH r = 0.26, GLN r = 0.24, BSF r = 0.28). This contrasts with our age-controlled analyses and with correlations using only females aged 4 and greater. It supports the contention that the results of Ankney and MacInnes may reflect the disproportionate inclusion of small, young individuals. We conclude that size per se does not di- rectly influence annual fecundity in Lesser Snow Geese.
The increased probability of small birds breeding at a younger age can be explained by at least 2 mechanisms. First, there may be some intrinsic advantage associated with small body size that allows small birds to breed earlier than large individuals. Female Lesser Snow Geese rely on stored nutrient reserves for egg laying and incubation and must accumulate these reserves during the spring migration (Ryder 1970, Ankney and . Small birds have lower standard metabolic rates and flight costs than large birds (Kendeigh 1972 ) and require smaller nutrient reserves for existence and migration. If experience is important in allowing Lesser Snow Geese to obtain sufficient nutrient reserves for breeding, as has been shown for Canada Geese (Aldrich and Raveling 1983), small young individuals may be better able to acquire the required amounts.
Second, small birds may be small because they bred as two-year-olds. It is possible that before a female Lesser Snow Goose has completed growth, she switches energy from somatic growth to development of the reproductive system. By doing this, she is able to breed as a twoyear-old but remains a small member of the population. The equivalent and possibly increased survival of small birds is particularly intriguing in view of this mechanism. Unfortunately, distinguishing between these alternatives requires growth curves for individuals from fledging to age of first breeding. These are not easily obtained from a wild population.
There is a heritable component to body-size variation in Lesser Snow Geese, and there is a fitness differential associated with that variation. Smaller birds have higher fitness than larger ones since they enter the breeding population earlier and may live longer. Under these conditions, we expect a decrease in the average size of female Snow Geese breeding at La Perouse Bay. The average sizes of 8 sequential cohorts are shown in Fig. 6 . While there was a significant effect of cohort on body size (F = 2.98, df = 7,531, P < 0.01), the effect was related solely to the large-bodied 1971 cohort. There was no general decline in the size of breeding females over these 8 consecutive groups of offspring.
There are several explanations for the lack of reduction in average body size. First, all fitness components and their relation to body size must be evaluated to understand fully the evolutionary dynamics of body size in this population. Our data were limited to birds measured as breeding adults and several fitness components could not be evaluated. One, for example, is the relationship between body size and viability during the period from fledging to first breeding. Selection pressures on body size in prebreeders could differ from those affecting breeding adults (Price and Grant 1984) . Second, our analyses were limited to females. Bumpus (1899), Johnston et al. (1972) and Petrie (1983) , among others, have shown that selection for body size may differ between sexes. If small body size is favored for females but large size was favored for males, the response to selection in each sex would be retarded.
Third, Lesser Snow Geese are long-lived and populations have overlapping generations. Assuming the selection regime is stable and that the selection intensity is not sufficient to destabilize the age structure, the expected response to selection is reached slowly and asymptotically. This occurs as favored individuals (and alleles) come to dominate the entire age structure (Charlesworth 1980). The mean body sizes of the cohorts (Fig. 6) are measures of the output of an age-structured population which may be slowly accumulating the effects of directional selection for reduced body size. Since the study maximally covers 5 generations (Rockwell et al. 1987) , the lack of response so far is perhaps not surprising.
Finally, gene flow into the La Perouse Bay population was 49%, corrected for age structure 
